Background. At the present time, further increase in the speed of processing and transmission of information is associated with the development of hybrid integrated circuits, combining electrical and optical components. One of the important constituent parts of future optical integrated circuits are filters that can be conveniently implemented using so-called disc microresonators with whispering gallery oscillations.
Introduction
Whispering-gallery-mode (WGM) microresonators are used in filters, switches and laser stabilizing elements of the optical communication devices [1] .
It's known that in addition to a very high Q factor the dielectric microresonators have a such disadvantage, as increased density of the spectrum. The scattering parameters of a variety of the optical devices can be significantly improved by using microresonators of different forms [2] [3] [4] [5] [6] . In the early works, for the theory simplification, all microresonators are generally supposed to have the same shape and manufactured of the same dielectric. In order to improve the scattering parameters in some cases there is need to build filters on microresonators with different shapes made of various dielectrics. However, in this case theory describing scattering processes becomes more complicated. In this article the system of equations describing different microresonators have been developed. Total analytical solution has been found. In special case of identical microresonators obtained solutions are simplified to the known ones [7] .
By using obtained equations, the research of electromagnetic wave scattering problem on different microresonator structures have been conducted in the propagating optical waveguide and between two waveguide segments. A new design of both the bandstop and bandpass filters on different Disk Microresonators are examined.
Statement of the problem
The goal of the current article is the development of the theory of optical filters, consisting of different microresonators, that can be used in the modern communication systems. The amplitudes s b should satisfy the equation system [7] : 
Scattering theory
Here M t -is the ultimate multi index, determining the numbers of the expanding waves in the transmission line, and a
-is the expansion coefficient of the s -th microresonator field on the t -th wave of the transmission line [7] , calculated in the coordinate system, associated with s -th resonator center; s z -is the longitudinal coordinate of s -th microresonator center; Γ -is the longitudinal wave number of the transmission line; and
-is the energy, stored in the dielectric of the n -th microresonator ( s, n 1, 2,..., N = ).
Generally, by providing the solution to the equation system for each obtained v λ (2), it is possible both to calculate approximately the complex frequencies (k ) % -is the coupling coefficient (3), for one propagating wave, expressed without phase difference accounting in the transmission line.
Bandstop Filters on different microresonators
Bandstop Filters on different microresonators in the regular transmission lines represent the most interesting case from the point of view of the theory, because in this case all the resonators at the same time exchange oscillations both by propagating and by not extending waves.
We proposed that the all microresonators are excited on 1m1 EH + mode [7] . The dielectric permittivity of the first kind microresonators All mutual coupling coefficients where calculated from [8] . 2) . The distance between adjacent DR centers were proportional to w / 4 λ , where w λ -is the guided wavelength. As can be seen from the above dependences, proposed structures allow us to obtain different cutoff characteristics.
Bandpass Filters modeling
Bandpass filters most often used in various optical devices. In this case only the first and last resonators are coupled with transmission line:
For simplicity we proposed that N1 11 L k k k
k -is the coupling coefficient of the 1 -th and the N -th microresonator with the transmission input (output) line of the filter. It's seen, that in consequence of rapidly coupling coefficients decrease [8] , all S-parameters are symmetrical functions on the frequency. As we used a large number of resonators, the 21 S squareness was obtained well. The best result for the vertically located disk microresonators was obtained for the structure shown in Fig. 4 , a.
Conclusion
A scattering theory on different Optical Microresonator systems based on perturbation theory has been expanded.
New definitions of coupling coefficients for the different microresonators in the transmission line are presented.
New structures of the bandstop and bandpass filters on different microresonators are proposed.
The S-parameters of the filters are investigated.
